Abstract: Evaluation of a new proton sponge, bis-1, 1,8,8-(tetramethylguanidino)naphtalene (TMGN), in substituted phenols O-alkylation by methyl iodide in DMF has been studied. Kinetic measurements were performed in N,N-dimethylformamide-d7 and followed by 1 H NMR using stoichiometric amounts of reagents. Plot of the results shows that the reaction follows an almost perfect second order rate law.
rates for electron donating group than for electron withdrawing groups. 4 The kinetics plot are correlated by
Hammett with a negative slope (ρ = -1.1). 5 Phenol alkylation by ethyl iodide in acetonitrile has been kinetically studied by Kondo et al. on pre-formed phenolates and the data also are correlated by a Hammett plot with negative slope (ρ = -1.39). 6 Preparation of the corresponding phenolate anion was achieved by phenols deprotonation from tetramethylammonium hydroxide solution. Strong basicity of hydroxide base gives access to a completely deprotoned phenolate form while ammonium counterion assures a high solubility in organic solvents and a loose ion-pair. However tetrabutylammonium hydroxide is available only in protic solvents like water or methanol and the reaction of phenol with tetrabutylammonium hydroxide produce a molecule of water, which both hampers the reactivity.
Recently, a new "proton sponge", bis-1, 1,8,8-(tetramethylguanidino) naphtalene (TMGN), incorporating two hindered guanidine site on a naphthalene backbone, which is now commercially available has been described. 7 TMGN has several advantages over DBU we used previously: TMGN is more basic than DBU and more hindered. This last property is crucial in order to prevent any side alkylation of the base during the reaction while keeping a high deprotonation rate (figure 1). 
Substituted phenol O-methylation kinetics study
Kinetics for such chemical process is second-order, and first-order with respect to each reactant.
Assuming a stoichiometric amount on each reagent, the kinetics equation is given by (1): (1) which is integrated into (2):
It is by far easier to determine by NMR the phenolate or phenol to phenol methyl ether ratio. Assuming and defining conversion ƒ as:
Equation (2) can be rewritten as (4)
The rate of reaction can thus be determined by following the disappearance of phenolate and the appearance of phenol methyl ether. First attempts to follow the evolution of the reaction by 1 H NMR analysis after sampling, quenching under aqueous acidic media and extraction did not give precise and reproducible results. The main drawbacks were assigned to the difficulty to remove DMF from the crude sample, and the low reproducibility of the critical extraction step, partially due to the low volumes manipulated and the different hydrophobicities between the phenol and its methyl ether. In order to solve these drawbacks, we then turned our attention toward in-situ measurement of the extent of the reaction by 1 H NMR spectroscopy. The new practical and reproducible kinetics study was performed directly in a NMR tube using DMF-d 7 as the deuteriated solvent. First of all, a reference 1 H NMR spectrum was recorded for each phenol, and then a stoichiometric amount of TMGN is added. After addition of methyl iodide, the conversion of phenol to methyl ether conversion was followed ( Figure 2 ). Determination of reaction rate is realized by comparison of aromatic peaks integration from both phenolate and reaction product.
Figure 2.
In-situ1 gave slope and intercept which can be determined from this data. As expected, we can observe that the intercept is almost 1 for every substituted phenols, which demonstrates the quality of the date and the very good correlation coefficient for all phenols (table 1). Nevertheless, contrary to preformed phenolate, the Hammett plot of kinetics constants from Table 1 is not linearly correlated but rather appears as a bell-shaped distribution ( Figure 4 ). 
Study of the deprotonation of phenols by TMGN in DMF
Our first mechanistic assumption was based on a complete deprotonation of phenols in DMF by TMGN and the observed kinetics rate was attributed to the rate determining alkylation step. If deprotonation kinetics or equilibrium can't be neglect in the case of low Hammett σ values, it would be important to evaluate the influence of the deprotonation step on the global kinetics constant (figure 5). In order to explain obtained results, we decided to realize some complementary experiments to evaluate the deprotonation equilibrium. 9 Phenol deprotonation by TMGN was followed by 13 C NMR using the so-called UDEFT no NOE pulse sequence. 10 Since 13 C NMR spectrometry is a powerful analytical tool, the small magnetic moment ant the long relaxation times of carbon nucleus lead to a low sensibility.
Obtaining a good resolution spectrum needs a long acquisition time directly linked to the relaxation time of different carbons. Classical 13 C NMR experiments are not planned to follow fast kinetics study. The
Uniform Driven Equilibrium Fourier Transform (UDEFT) experiment was proposed to alleviate the problems of nuclei with long T1 relaxation time like carbon, by simple modification of the Fourier Transform (FT) pulse sequence. At the same time, an 1 H adiabatic decoupling allows us to prevent any NOE build-up and return exactly the 1 H magnetization along the Z axis at the end of the UDEFT module.
Reference spectrums were realized to determine 13 In order to examine if our base is alkylated during the reaction time, a background reaction concerning the alkylation of TMGN in presence of methyl iodide has been followed by Equilibrium constant K eq of each phenol can be easily extract from both experimental and estimated k alk data (equation 6).
log k alkylation = 2.886 σ + 5.126
log K eq (estimated) = log k observed (experimental) -log k alk (estimated)
According to our first mechanistic hypothesis, this reaction involves the deprotonation of phenol to form phenolate anion, which behaves as a substrate for further alkylation by MeI. Indeed the pK BH+ of TMGN in acetonitrile is estimated to be 25.1. 7 pK a in DMF-dimethylsulfoxide (DMSO), and DMSO-acetonitrile (ACN) and are related by equations (7) and (8) (8) By combining equations (7) and (8) equation (9) is obtained which correlates pK a in DMF with pK a in acetonitrile (ACN):
pK a DMF = -13.94 + 1.2 pK a ACN (9) pK BH+ of TMGN in DMF is calculated to be around 16.3. Calculated equilibrium constants give us access to experimental phenol pK a in DMF 12, 13 from TMGN estimated basicity with equation (10).
pK a PhOH exp = pK BH+ TMGN -log K eq (10) Obtained values are compared to literature data (table 4, figure 7 ). It appears that TMGN isn't able to deprotonate totally every phenol of which the pK a in DMF is comprised between 13.72 and 19.1. 13 Those results confirm our initial mechanistic hypothesis. 
Conclusion
In conclusion, phenol alkylation in the presence of new proton sponge (TMGN) in DMF has been studied, the reaction follows a second order kinetics law, and however Hammett plot is bell-shaped. NMR chemical shift is observed during three day. For protoned TMGN H + study, one equivalent of trifluoromethylsulfonic acid is added at TMGN, and then a reference spectrum is done. Alkylation kinetics study is realized as described before.
